The clinical value of multiparameter flow cytometry (MFC) immunophenotyping in primary or light chain amyloidosis (AL) remains unknown. We studied 44 consecutive bone marrow samples from newly diagnosed patients with amyloidosis; 35 patients with AL and 9 with other forms of amyloidosis. Monoclonal plasma cells (PCs) were identifiable by MFC immunophenotyping in 34 of 35 (97%) patients with AL, whereas it was absent from all but 1 of the 9 (11%) patients with other forms of amyloidosis. Quantification of bone marrow plasma cells (BMPCs) by MFC immunophenotyping was a significant prognostic factor for overall survival (OS) (< 1% vs > 1% BMPC cutoff; 2-year OS rates of 90% vs 44%, P ‫؍‬ .02). Moreover, detecting persistent normal PCs at diagnosis identifies a subgroup of patients with AL with prolonged OS (> 5% vs < 5% normal PC within all BMPC cutoff, 2-year rates of 88% vs 37%, P ‫؍‬ .01). MFC immunophenotyping could be clinically useful for the demonstration of PC clonality in AL and for the prognostication of patients with AL. (Blood. 2011; 117(13):3613-3616)
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Introduction
Primary or light chain amyloidosis (AL) is the most frequent type of systemic amyloidosis and is characterized by the accumulation of monoclonal light chain fragments, leading to end-organ damage and short survival. [1] [2] [3] [4] Other forms of amyloidosis, such as localized, inherited, or secondary, are associated with different clinical courses and therapies. 5, 6 In contrast to these other forms of amyloidosis, in AL bone marrow (BM), plasma cells (PCs) are responsible for fibril deposition 6 ; however, the bone marrow plasma cell (BMPC) infiltration is usually low, 7 and clonality is not always apparent. 8, 9 Multiparameter flow cytometry (MFC) immunophenotyping has shown to be of clinical value in multiple myeloma (MM), 10-13 but its use in other PC disorders such as AL remains largely unexplored. [14] [15] [16] [17] [18] In this study, we investigate the clinical utility and prognostic value of MFC immunophenotyping in patients with AL.
Methods

Patients, material, and methods
We evaluated 44 consecutive BM samples from patients with newly diagnosed amyloidosis referred to our institution for immunophenotypic investigations. Samples were collected after informed consent was given, in accordance with Hospital Universitario Salamanca ethical committee guidelines and the Declaration of Helsinki. From the 44 cases, 35 had a confirmed diagnosis of AL based on the presence of an amyloid-related systemic syndrome, positive amyloid tissue staining with Congo red, and evidence of a monoclonal PC (M-PC) proliferative disorder at the cellular or serologic level. The remaining 9 cases were diagnosed with localized (n ϭ 6), secondary (n ϭ 2), or familial (n ϭ 1) forms of amyloidosis. Table  1 shows the demographics and disease characteristics of the 35 patients with AL; 20 were treated with chemotherapy (melphalan-prednisone or melphalan-dexamethasone), whereas 10 received an autologous stem cell transplant; 5 patients were deemed too ill to tolerate any therapy.
Erythrocyte-lysed whole BM samples were stained by 4-color direct immunofluorescence, as described elsewhere. [10] [11] [12] 19 The monoclonal antibody combination (fluorescein isothiocyanate/phycoerythrin/peridinin chlorophyll protein-cyanin 5.5/allophycocyanin) CD38/CD56/CD19/CD45 allowed the identification, quantification, and discrimination between M-PCs and normal PCs (N-PCs) in more than 90% of patients with a sensitivity of 10 Ϫ4 . 19, 20 For the remaining patients, additional staining with cytoplasmatic immunoglobulin (Ig)/Ig and surface CD38 plus CD19, CD45, or CD56 was performed. Cell cycle was analyzed as previously described 13 The publication costs of this article were defrayed in part by page charge payment. Therefore, and solely to indicate this fact, this article is hereby marked ''advertisement'' in accordance with 18 USC section 1734.
The 2 and Mann-Whitney U tests were used to estimate the statistical significance of differences. Survival curves were plotted using the KaplanMeier method, and differences were assessed with the log-rank test. SPSS software Version 18.0 (SPSS) was used for all analyses.
Results and discussion
We detected phenotypically aberrant M-PCs by MFC in 34 of the 35 (97%) patients with AL. By contrast, M-PCs were only detectable in the BM of 1 of 9 (11%) cases with other forms of amyloidosis (P Ͻ .001). The presence of M-PCs in a patient with localized (duodenal) amyloidosis is intriguing, although this case may be representative of the nearly 3% of adults with monoclonal gammopathy of undetermined significance (MGUS), and thus exhibiting a clonal PC process. 21 This suggests that the demonstration of PC clonality by MFC in patients with amyloid-positive tissue staining could be useful for the differential diagnosis of AL from other forms of amyloidosis. The sensitivity of MFC for the screening of AL in this study (97%) was similar to that achieved with serum and urine electrophoresis plus immunofixation (94%-96%), 22, 23 even when additional serum free light chain (sFLC) measurements are also performed (98%). 22 Conversely, the sensitivity of sFLC without serum and urine electrophoresis plus immunofixation drops considerably, with around 12% of patients with AL displaying normal sFLC ratios at diagnosis. 22, 24 There are 3 possible explanations for the high sensitivity of MFC immunophenotyping for demonstrating PC clonality in AL: (1) MFC immunophenotyping is independent of the amount and type of secreted M-component, rate of kidney excretion, and tissue deposition; (2) MFC immunophenotyping is independent of the amount of polyclonal Ig produced; and (3) the higher sensitivity of MFC immunophenotyping compared with immunohistochemistry makes it less dependent on the clone size. 25 Next, we wanted to examine further the immunophenotypic characteristics of M-PCs in patients with AL. Phenotypically aberrant M-PCs were detected mainly on the basis of simultaneous infra-expression of CD19 and CD45, with or without overexpression of CD56 (44% and 32% of cases, respectively). The remaining cases (24%) featured less commonly detected aberrant phenotypes (supplemental Table 1 , available on the Blood Web site; see the Supplemental Materials link at the top of the online article). Overall, these results are consistent with those of Matsuda et al 15, 16 from a shorter series (Յ 10 patients with AL). Interestingly, AL M-PCs showed an immunophenotypic profile that largely overlaps with MM M-PCs, 10,11 although these entities have a clearly different clinical picture. We also explored the proliferative capacity of M-PCs in a subgroup of patients with AL. The median percentage of M-PCs in S-phase was 0.7% (range 0%-1.6%), which is lower than that observed in MM (1.6%-3.6%) 12, 13 and closer to that in smoldering MM (ϳ 1%, our unpublished data).
BMPC infiltration is typically low in AL, 6, 7 and probably because of this characteristic its percentage, assessed by morphologic and immunohistochemistry techniques, is not usually considered when predicting the overall survival (OS) of patients with AL. 6 We have recently found that in MM, although MFC generally yields lower PC counts than conventional morphology, the former is an independent prognostic factor. 12 In the present AL series, the median BMPC percentage measured by morphology was also higher (P Ͻ .001) than that obtained by MFC immunophenotyping (Table 1) . However, whereas the number of PCs estimated by morphology did not influence OS (data not shown), patients with more than 1% BMPC measured by MFC immunophenotyping had a significantly shorter OS (2-year rates of 44% vs 90%, respectively; P ϭ .02) than patients with 1% or less BMPC ( Figure 1A) . With respect to the potential prognostic value derived by the degree of clonality in AL, Kumar et al 24 using the sFLC test have found that patients with normal baseline ratios have a longer OS than those with abnormal sFLC ratios. 24 We have previously found that MFC immunophenotyping detection of more than 5% N-PC within the BMPC compartment (N-PC/BMPC) was useful for the differential diagnosis of MGUS and MM, 10 and identification of patients with low-risk MGUS, smoldering MM, and symptomatic MM. 11, 19 In this series, 17 of 35 (49%) patients with AL had more than 5% N-PC/BMPC at diagnosis and, interestingly, these patients had a significantly longer OS (2-year rates of 88% vs 37%, respectively, P ϭ .01) than patients with 5% or less N-PC/BMPC ( Figure 1B) . On excluding the 5 patients who did not receive any treatment, the prognostic influence of having more than 5% versus 5% or less N-PC/BMPC remained significant (P ϭ .02); moreover, patients with more than 1% BMPC measured by MFC immunophenotyping also showed a trend for an adverse outcome (P ϭ .07). Therefore, BMPC enumeration and particularly the detection of more than 5% N-PC/BMPC by MFC immunophenotyping could be of prognostic value in AL, similar to what was previously found in MGUS and MM. 11, 12, 19 We have also compared the baseline characteristics of patients with more than 5% vs 5% or less N-PC/BMPC. No significant differences were found for conventional parameters, including the number and type of organs involved, except for the percentage of BMPCs quantified by MFC immunophenotyping (0.8% vs 2.8%, respectively, P Ͻ .001), whereas differences by morphology were borderline (4% vs 7%, P ϭ .1). The median difference between involved and uninvolved free light chain (dFLC) was higher in cases with 5% or less N-PC/BMPC (627 mg/L) compared with patients with more than 5% N-PC/ BMPC (150 mg/L), but differences failed to reach statistical Heart involvement* 18 (51)
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In summary, our results raise the possibility that in patients with suspected amyloidosis, MFC immunophenotyping could be clinically useful for demonstrating PC clonality in AL versus other forms of amyloidosis and may also offer additional prognostication in AL; these results requiring validation in larger and prospective series. BLOOD, 31 MARCH 2011 ⅐ VOLUME 117, NUMBER 13 For personal use only. on April 7, 2017 . by guest www.bloodjournal.org From
